Introduction
Maturity-onset diabetes of the young (MODY) is a group of monogenic forms of diabetes inherited in an autosomal dominant fashion. To date, mutations have been identified in the genes for hepatocyte nuclear factors (HNF) 4α, 1α, 1β and NeuroD1 (neurogenic differentiation 1) causing MODY1, 3, 5 and 6, respectively, and in the glucokinase and insulin promoting factor (IPF) genes causing MODY2 and 4 [1] [2] [3] [4] [5] [6] . After the cloning of the HNF-1α (MODY3) gene on chromosome 12 in 1996 [2] , more than 150 different mutations in the gene have been reported. The most common mutation is the Pro291fsinsC mutation, which arises in a mutational hot spot of the HNF-1α gene [7] . Finding the mutation in a family provides an opportunity for predictive and diagnostic genetic testing for high-risk individuals in the family.
Predictive genetic testing of a large number of persons at risk has been limited mainly to progressive neurological diseases and hereditary cancer. Although pre-symptomatic testing for Huntington's disease has been available for over a decade, its uptake has in most countries been only 10-15% [8, 9] . Predictive testing for some forms of cancer, including hereditary nonpolyposis colorectal cancer (HNPCC), has been available since 1995 [10, 11] . HNPCC mutation carriers are estimated to have an 80% lifetime risk of colorectal cancer and an additional risk of extra-colonic malignancies, especially endometrial cancer [12] [13] [14] . In a large Finnish study, the uptake for a predictive test for HNPCC was remarkably high: 75% of all individuals at risk and 96% of those who attended counselling wanted the test [15] . However, a lower uptake rate of 43% was reported from the United States [16] .
MODY3 is characterised by a low renal threshold for glucose and a poor insulin response to glucose [17, 18] . The beta cells are, however, able to secrete insulin in response to other secretagogues [19] . This, in conjunction with particularly good insulin sensitivity [17, 18] , results frequently in hypoglycaemia in patients treated with either oral hypoglycaemic agents or insulin. The degree of insulin deficiency and the age at diagnosis of MODY3 diabetes can vary widely even within the same family [17] . Most patients are eventually treated with insulin or oral hypoglycaemic agents but treatment with diet is often sufficient in the early stages.
What could be the benefits of diagnostic or predictive genetic testing in MODY3? MODY is estimated to cover 1-4% of all diabetes, but no genetic epidemiological data exist to prove the true prevalence. The diagnosis is difficult to make on a clinical basis in sporadic cases with insufficient information on family history. Individuals carrying the Pro291fsinsC mutation are estimated to have an at least 95% lifetime risk of MODY3 diabetes [20] and diabetes is often precipitated by pregnancy in unaffected mutation carriers. The benefits of correct diagnosis include the possibility to individualise treatment to avoid hypoglycaemia, to recognise the risk in the family and commencement of early treatment with insulin during pregnancy to avoid foetal problems. Although MODY3 has been considered a mild form of diabetes, it can lead to severe microvascular complications depending mainly on the HbA1c level during lifetime [21] . Of note, the glucose tolerance deteriorates in most cases already during the pubertal years [20, 22, 23] , although the diagnosis is often made much later. Thus, correct prediction of MODY3 may benefit prevention of complications. A predictive test can also relieve unnecessary worry. However, there is a risk of adverse effects, such as increased anxiety, uncertainty about the future, feelings of guilt, or difficulty in finding a new life perspective after learning that one has not inherited the feared gene [9, 24] .
Despite increasing clinical interest in genetic testing of MODY, the acceptance of this in the families concerned has not been systematically studied. The only published case report suggested positive attitude [25] . In this study, we investigated the acceptance of a diagnostic or predictive genetic test for MODY3 diabetes. The diabetic subjects were offered the test to distinguish MODY3 from the more common forms of diabetes. The non-diabetic subjects were offered a predictive test. The aims were (1) to assess the uptake of genetic testing for MODY3 and to determine factors affecting it, and (2) to compare attitudes to predictive genetic testing between families with MODY3 and a previously studied group at risk of HNPCC [15] .
Subjects and methods
The study included two Finnish extended pedigrees with the Pro291fsinsC mutation in the HNF-1α gene identified in the Botnia study, which is a population-based study aiming at the identification of genes increasing susceptibility to type 2 diabetes [26] . During 2002-2003, we offered the family members genetic counselling and the possibility to obtain their earlier screened gene test result if they were either affected with diabetes or had a 50% risk of having inherited the mutation. Subjects were considered eligible if they were aged 18-60 years and did not have any cognitive disorder that precluded informed consent. Those living abroad and individuals that previously had declined further contact were excluded. The subjects were approached through a letter including a consent form (Fig. 1) . Those who refused to participate or did not return the consent form after two reminders were not contacted further. Pre-test questionnaires were sent to those consenting, and those returning the questionnaire were invited to a counselling session conducted by a medical geneticist (BL) at or near the subject's place of residence. A second questionnaire was sent 1 month after the counselling session and test result disclosure. The subjects gave informed consent to the study. The ethics committee of the Helsinki University Central Hospital approved the study and it was carried out in accordance with the Declaration of Helsinki as revised in 2000.
Counselling The same medical geneticist (BL) performed the counselling and disclosed the test results for all subjects. The interactive semi-structured counselling included information about MODY3, its mode of inheritance, the nature of the gene defect, risk of MODY3, and the methods available for follow-up and early detection of MODY3. The benefits and disadvantages of either the diagnostic or predictive gene test were discussed. The counsellees were then asked to consider whether they wanted test disclosure, either during the same day after a short break or after a 2-week period of consideration. The test result was disclosed either individually or in the presence of an accompanying person, and its implications were discussed with the medical geneticist. For non-diabetic individuals having the mutation, the resulting high risk of diabetes was reiterated and individual surveillance was planned. For those already diabetic the MODY3 diagnosis was confirmed and suitable clinical surveillance was planned. Subjects who did not have the mutation were reminded of the general risk of diabetes in the population to prevent any false reassurance. The result and its interpretations were also given in written form.
The data for the non-diabetic subjects participating in the predictive genetic testing were compared with previously published data from a study on HNPCC [15] . The HNPCC study conducted from 1995 to 1998 included 36 families with three different mutations in the MLH1 gene. Subjects were considered eligible for the study if they were at 50% risk of having inherited the predisposing gene, aged 18 or older, without cancer diagnosis, and without any cognitive Eligible study group n=144
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1-month follow up Follow-up questionnaire returned n=82 (16 DM, 66 Non-DM) disorder that precluded informed consent. In the HNPCC study, the first counselling session preceded taking the DNA sample for the gene test while in the MODY3 study the samples had already been taken during the Botnia study. For the present analysis, subjects older than 60 years were excluded from the HNPCC cohort.
Questionnaires The study was based on two questionnaires modified from the study of Aktan-Collan et al. [15] , which were filled in by the subjects twice, before (pre-test) and 1 month after (follow-up) the counselling. They included questions on social and demographic background (Table 1 
Results
Of the 144 eligible subjects, 92 (64%) consented to participate in the study and 89 (62%) returned the baseline questionnaire and attended the counselling session (Fig. 1) .
The study was divided into a diagnostic part (20 diabetic subjects) and a predictive part (69 non-diabetic subjects). Altogether 16 (80%) diabetic and 66 (95%) non-diabetic subjects replied to the follow-up questionnaire 1 month after the test disclosure. A comparison of those who accepted (n=89) or declined participation (n=55) in the study is shown in Table 1 . Women participated more often than men did (51/71, 72% vs. 38/69, 55%; p=0.06), especially among the diabetic subjects (14/18 vs. 6/16, p=0.042). There were no significant sociodemographic differences between those partici- pating and not participating in either the predictive or diagnostic part. This background data were also comparable to the Finnish population. The levels of university education and primary education were also the same as in the Finnish population (15 vs. 13%; p=NS and 39 vs. 39%) ( Table 1) .
Comparison of diabetic and non-diabetic subjects at risk of MODY3 Before the counselling, those with diabetes knew more about MODY3 and its treatment than their non-diabetic relatives did, but the late complications were rather unknown to both groups ( Table 2 ). All but two knew about a hereditary form of diabetes in their family (95% of the diabetic vs. 91% of the non-diabetic, NS). A family member had informed most of the non-diabetic participants (74%) of the risk of diabetes. Half of the diabetic subjects (55% vs. 33% of the non-diabetics, p=0.135) considered the inheritance of the susceptibility gene to be the worst feature of MODY3. The majority of both diabetic and non-diabetic subjects considered that the MODY3 gene test should be offered either in childhood (50 and 37%) or as a teenager (30 and 37%). Of the diabetic subjects, one (5%) considered that testing should be postponed to adulthood vs. 4% of the non-diabetic subjects and the rest of the par- ticipants had no definite opinion. All diabetic and 80% of the non-diabetic subjects considered that children and their parents should jointly make the decision while 10% of the non-diabetic subjects would have let the children decide about the test by themselves (p=NS). At the 1-month follow-up, the participants in both the diagnostic and the predictive part of the study were either extremely (94%) or fairly (6%) satisfied with their decision about the test. The main reasons for taking the test in both groups were to reduce uncertainty (75% in the diagnostic and 78% in the predictive group), to clarify their children's risk and to plan for the future (Table 3) . Those already diabetic seemed more concerned about the risk for their children (62%) while the non-diabetic subjects were more concerned about their own future (78%), but this difference was not statistically significant. About one third of the subjects in both groups reported that one of the reasons for taking the test was that a doctor had recommended it.
Comparison of non-affected subjects at risk of MODY3 or HNPCC The participants in the predictive MODY3 study and the HNPCC study were similar with respect to age, educational level as well as marital and employment status (Table 4) . Also, the unadjusted baseline anxiety scores were similar between those at risk for MODY3 or HNPCC (mean STAI score 32.11 vs. 31.25, respectively). Before counselling, 44% of the MODY3 relatives compared with 72% of the HNPCC relatives had the correct pre-test risk perception, i.e. intermediate risk (above the average population risk). A higher proportion of members of the MODY3 families (43%) considered the risk to get the disease to be low compared with those from the HNPCC families (14%, p=0.0001). In both groups, 14% considered the risk to be very high, i.e. they were almost certain that they would get the disease. The lower pre-test risk perception did not affect the uptake of the gene test in the MODY3 group, which all except one took. All MODY3 relatives wanted to get their test results in connection with the counselling session instead of using the offered reflection time.
At the 1-month follow-up, both the MODY3 and HNPCC groups were satisfied with their decision about participating in the predictive gene test studies and trusted the result (Table 5 ). All subjects would have made again the same choice about taking the test.
Both groups reported almost the same reasons for taking the predictive tests. The most often cited reasons were to reduce the uncertainty or to clarify the risk for the children, but compared with the MODY3 group, those at risk for HNPCC more often wanted to reduce the uncertainty (78% vs. 98%, p<0.0001) and to clarify the risk for children (44% vs. 68%, p=0.0005). Among those aged under 50 years marital, educational or reproductive reasons were not considered as important (p=NS). Half of the participants considered that a doctor recommended the test (Table 3 ).
Discussion
The study shows a high uptake (62%) of a predictive gene test in members of two extended Finnish MODY3 families. This was clearly higher than the uptake of a presymptomatic test for Huntington's disease (HD), 10% of those assumed to be aware of the availability of the test (Dr. M. Peippo, The Family Federation of Finland, personal communication), but somewhat lower than that of a predictive test for HNPCC in Finland (75%) [15] . Many of the subjects might have considered themselves to be beyond the most critical age to get ill as 50% of the MODY3 gene carriers get diabetes before the age of 20 Table 5 Satisfaction with taking the gene test 1 month after hearing the test result among the unaffected subjects in the MODY3 and HNPCC families participating in the predictive study stratified according to the mutation carrier status Data are given as n (%). The differences between the MODY3 and HNPCC groups were statistically non-significant a The exact phrasing was "would probably have taken test" in the MODY3 study and "would definitely have taken test" or "would probably have taken test" as separate alternatives in the HNPCC study. These have been combined in the current analysis [20] . Optimally, predictive testing should be offered before clinical onset of diabetes, i.e. before puberty. Also, most participants in the study considered childhood or puberty as the best. However, before starting predictive testing in childhood, ethical issues and counselling strategies have to be carefully evaluated in that age group to ensure that the subjects understand the implications of the tests and are aware of their right to refuse participation. A diagnostic test confirms the diagnosis and provides a basis for the counselling. A predictive test divides the members of a family into those who need clinical surveillance and those who can be released from it. The impact of testing is quite different in the three diseases. HD is a severe debilitating disease without prevention or treatment. The main benefit of testing is that the non-carriers can be freed from unnecessary worry and follow-up, which also applies to HNPCC and MODY. In case of HNPCC, correct prediction benefits cancer prevention as tumours can be removed at an early stage during follow-up with regular colonoscopies. Thus, the test has direct implications for the individual's outcome. Genetic prediction of MODY3 does not lead to prevention of diabetes and the long-term benefits of early treatment are unsure. It may help in preventing diabetic complications and foetal problems. Also, it has implications for treatment choices, which again may lead to a better glycaemic control. However, at present there are no evidence-based data to support this. The alternative to genetic testing in case of HNPCC is follow-up with colonoscopy at 2-3 year intervals [28] or either oral glucose tolerance test (OGTT) or fasting glucose combined with measurement of post-prandial glucose or HbA1c in case of MODY3. This follow-up scheme is also used for mutation carriers. Also, they are instructed to measure blood glucose in conjunction with febrile infections and contact a maternity clinic before pregnancy as both conditions can result in insufficient insulin secretion and hyperglycaemia through a decrease in insulin sensitivity. The cost of one gene test of a known mutation is roughly 85 Euros. Sequencing of MODY1, 2 and 3 to identify a previously unknown mutation is 350 Euros. Thus, identification of a family mutation and then screening for it in the rest of the family leads to considerable savings compared to an annual checkup of all family members even when the cost of counselling is taken into consideration. One possible contributor to the somewhat lower participation rate in the MODY3 compared with the HNPCC study is that diabetes might not be considered as severe and frightening as cancer, diminishing the impact of a predictive test on the person's life. The HNPCC group more often overestimated the pre-test risk in comparison with the MODY3 group, but the pre-test risk perception was not associated with test uptake in either group. Also, the subjects at risk of HNPCC were significantly more worried about their future and the risk for their children than those at risk of MODY3. In general, the stated reasons for taking the test were quite similar in these two conditions, the most important ones being reduction of uncertainty, planning for the future and clarifying the risk for the children. Somewhat surprisingly, marital, reproductive or educational plans were not cited often among those aged <50 years.
There was no clear difference between the groups in the contentment with the test. The participants were very pleased with their decision to take the test and they also trusted the results. This suggests that the tests were able to provide answers to the questions the participants had in mind. The risk for their children was clarified, the uncertainty ended and several of them were released from surveillance. For those already diabetic, the diagnostic test offered an accurate diagnose and the implications of it. They also became aware of the potential risk for their children.
We offered counselling and test results to both affected and unaffected individuals. Only one third of diabetic men participated while there was no difference in the participation rate of diabetic or non-diabetic women. This may reflect that the already affected participants wanted to ensure their diagnosis considering its implications for their descendants. Of note, most of the participants had already participated in different phases of the Botnia study. Thus the study may be biased towards people who, in general, have a positive attitude towards medical research. Another limitation to the generalizability of the results is that the participants came from only two, albeit quite extended, pedigrees. This may explain the lack of significant socioeconomic differences between participants and non-participants, which is in contrast to a previous study showing an association between test uptake and higher education, often related to a better economic situation [16] . However, the latter may be an important factor in an insurance based health-care system while a predictive test for a treatable disease may be more readily accepted in Finland with mainly publicly funded health care. Also, according to the Finnish legislation the employers have no right to request gene tests or results of previous tests.
The high participation rate supports the suggestion that the Finnish population in general is confident in medical research and health care as well as genetic testing [29] . The uptake rate for genetic screening of neonates for diabetes risk has been as high as 94% [30] and genetic clinics have encountered high uptake of cascade screening in cancer families (Dr. Kristiina Aittomäki, Department of Medical Genetics, University of Helsinki, personal communication).
Testing of the above kind should always be based on informed consent to ensure that people understand the implications of the tests and are aware of their right to refuse participation. Clinical geneticists offer such services as non-directively as possible, but they counsel only a minority of patients. How and what health professionals communicate with patients is of utmost importance. The fact that subjects from both MODY3 and HNPCC families were motivated to take the test by their doctor's recommendation supports the findings of Vernon that advice from a physician was an important factor in preventive health behaviour [31] . There are some undeniable benefits in predictive genetic testing in diseases like MODY3 and HNPCC, and we should try to find the proper way to offer tests to different groups in society to ensure their awareness of these benefits, but simultaneously to remain non-directive. It has been shown for cystic fibrosis that a test offered directly from health professionals results in a higher uptake than if the test was merely known to be available [32, 33] .
In conclusion, both diagnostic and predictive genetic testing for MODY3 was well accepted. In principle, genetic testing should be offered to patients from families with young-onset diabetes in at least two generations (the classical MODY criteria) but possibly even to sporadic patients with atypical diabetes. However, until highthroughput methods, like MODY chips, are available, the cost of testing will limit availability, as there are several possible mutations to screen. The situation is different when an index case in a family has been diagnosed with genetically confirmed MODY. Then genetic counselling and testing for the known mutation should be offered to at least those first-degree relatives who are younger than 50-60 years of age. Counselling should be an essential part of the process to allow the subjects to make an informed and autonomous decision.
